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Project Background

This report is a standlone document as well as one of a series that together detail the key tasks and
associated findings and conclusions of the Stillaguaieshperature TMDL Adaptive Assessment and
LYLX SYSy(dladA2y tNr2aSOG oa{dAfftl 3dzad YAAaK ¢a5[ tNeeS

The purpose of th&tillaguamisiMDL Project is to improve water quality standards for temperature
and salmon habitat in the Stillaguamish basind®ntifying sources of cold groundwater in the streams
and rivers which would most benefit from protection. The need for the project was identified in the
2004 Stillaguamish River Water Quality Improvement Plan.

The Stillaguamish TMDL Project incorporates seveesthodologies in its approach, which are
documented in separate repor{shis report is highlighted)as follows:

1 Watershed Process Characterization

1 Base Flow Analysis

1 Temperature Regime Studies
0 FLIR (Forward Looking Infrared Imagery) TemperaturgergaAnalysis
0 USGS Thermal Profiling Report
0 2008-2012 Temperature Data Report

Groundwater Seepag8gtudy

Assessment Synthesis and Project Identification Report

Riparian Implementation Project Report

Feasibility Analysis for Two Temperature ImproeetriProjects

=A =4 =4 =

The project was funded through a Centennial Clean Water grant agreement between the Washington
State Department of Ecolo@ipOEland Snohomish County. It was initiated by Snohomish County Public
Works Surface Water Management in 2010 and plated in 205.

The final summary report and associated maps can serve as a tool for policy and regulation
development, species conservation, water quality and watershed management planning efforts in the
Stillaguamish BasirMaps included in this repbshould not be used alone for present day site
descriptions of river temperature by location.

XASWMwidé CCWGran2010 Stilly TempAdmink Reports FINAL %



Executive Summary

This report describes and maps usgentified temperature characteristicgsuallyidentified from
September2001 thermalinfrared (TIR) imagery faselected rivers in the Stillaguamish watershed
resource inventory area (WRB)\ Although imagery was originally collectmad summarizedby
Watershed Sciences (Corvallis, ORjHeMWashington State Department of Ecolothis new analysis
expands on the previous work:to

1 CGomprehensivelynap water surface temperaturanomalies (colder or warmesurfacewater
adjacent to upstream median riveurfacetemperature)

1 Identify the likely sources of the temperature anomaljgtbutary, hillslope seep/sfing, side
channe] floodplain(spring brool, hyporheic, surface water units)

9 Estimate theapparentsize of temperature anomaliggelative to channesize

Map potential salmoniaoldwater refuge locations

1 Summarize and congpe results by anomaly type faronceptualprotection and restoration
strategy development

=

Temperature anomaliesvere identified from TIR imagernt 226locationsin the study area that

included themainstemsStillaguamish River, North FdikF)Stillaguansh River, South Fo(lsF)

Stillaguamish River and Pilchuck Crddie 12%old-water anomalies comprised 3% of all anomalies

and half were located in thEFStillaguamishRiver Theseanomalies were formed in the river channel

most commonly by tributariedloodplain discharge, side chanrmltflow and seeps/springs, in that

order. The coldest anomalies were seeps/springs, side channels, floodplain discharge and tributaries, in
that order; which likely rélects the sirface flowdistance fromgroundwater discharge to the imaged

river location

The median temperaure of the anomalies washe lowestand the average rivatistane between cold
anomaliegapproximately every ¥ mil@asthe shortestin the NF Stillaguamish RivérheSF
StillaguamistRivercontained numerous cold temperature anomalidbese were largest iaverage size
but were spaced relatively far apa@oldwater anomales wererare in the mainstem Stillaguasti
River.These anomaliewere less thar2°C cooler thathe median rivetemperature, whichsuggests
that theseoccurred close to sources of groundwater inflow aoduldbe relativelyimportant due to
their rarity in the warmer mainstem riveiThe 9Avarm surface water anomalies were observed a
backwaters, along shallow gravel barglin shallowun-vegetatedbraided channelocations.

A coldwater refuge for salmonids and other celdhter fishes is defined as being at least 2°C cooler
than the median channel temperatu(@orgersa et al. 2012). Out of 12&ldwater anomalies, 9@net
the criterion br a coldwater refuge d the time of samplingColdwater refugesare most evidentin TIR
imageryat low flow and at periods of highest summer aimjgeraturewhenimagecontrast between
summer maximunsurface watetemperature andyroundwater source temperaturés greatest Other
cold-water refugesmay be present in thse iverswhen air temperature is hotter or when ba flow is
lower than when 2001hermal imagery was obtaed. Also, othecoldwater refugesmay rot have
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been visiblen the TIRmagery due taheir small sizeunderwater location (e.qg. stratified pookshd/or
canopy cover.

Nevertheless,he location, frequency, sources and size of mapped temperature anontalies
contribute to developing recommendations for protectiogrestoring temperature regimes orare
discretecold-water refugesfor beneficial usesBeneficial usesvith respect tosuitabletemperature
conditionsfor various salmonid fishes are f@pawning, coreearing, noRcore rearing and migration
(WDOE 202).¢ In summer, for mosStillaguamish streardocations, axore rearing and migratian
criterion of 16°Gpplies and is used as a reference point for evaluating exceedanessperatureat
the time of the TR imagery

In tributaries, actions that suain or restoresummerbase flow, protect or improve shaw), and actions
that improvehabitat unit complexity & tributary junctions with the mainstem riversay also support
the connectivityof habitats forspawning, rearing and migratias well as therml suitability Forcold
water refuges within or emanating from floodplain side channels, protection and restoration of the
connectivity toside channels will support reariag winter flood, spring oumigration, and summer
base flow levels when temperatei is critical In the long termyestoring river processes théadto side
channel formatiorwill providemore numerous and naturatold-water refuges for summer rearing
Springs and seepsay be more stable and predictable in location and femmtribution over long time
periods (1061000 years)and could represent fixed points inspatialnetwork of refugesProtection of
upland characteristics sustaining grounderadischargeat seep/spring locationis alsamportant.

The maps of temperateranomalies from this report will be evaluated in conjunction with fledded
longitudinal thermal profiling andite-specificsummer temperature variability data to devise
temperature related strategies as part of the fikegsessment Synthesis aPbject Identification
Report Such protection and enhancemestrategiesmay vary bycold-water source type and rivehut
follows theconceptualtrategy basean thespatialconcepts ofiMore¢, 6Bigge€, and éBettere in the
following table

ConceptualStrategy
MoreX Ay ONXBI|BiggerX Ay ONXB I & § Better X quality of structural habitats
< | frequency(or the temperature effect at refuge location$or enhanced
-%_ decreasedspacingof | (from achange irflow thermal benefit¢ cover, depth, flow,
‘5 | coldwater refuges and| volume andor temperature | wood andsubstratecomplexity
g locations ofthermal difference) supports multiple speciesge classes
suitability. and density
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Introduction

Thermalinfrared (TIR)sensors measure radiastirfaceenergyand store thecalibratedvalues as pixels
in a digitaimage, allowingvater surfacaemperature patterns to be measuredt very high resolution
in image swaths of 15600 metergFaux et al. 2001Visualizing thermidandscapes using this
technologyhas been a valuable tool in theliil of ecologyparticularly in the western United States,
whereit hasbeen used to investigatie patternsof fish distribution and habitat variability associated
with temperaturein streams and rivergTorgersa et al. 2001

Previous studies in the ram have used TIR mapping to thermally characterize stredrasariety of
scales and for a variety of reasoii$ie technology has been usexgenerallymap heterogeneity in
river temperatures (Watershed Sciences 200%hile others have used it to identify sgific features
such asyporheic flow (Burkholdertel. 2008) and waltbase channels (Belknap aN@iman 1998)hat
are potential salmorhabitat refuges(Ebersole et al. 2003 orgersen et al. 2032

Salmon and otheaquaticlife require specific tempe&ture ranges in order to maintain optimal
metabolic activitiegBeschta et al. 19897Stream habitat degradation from land conversion has led to
stream warming that is problematifor coldwater fishes and models indicate future climate change will
increase stream temperature, exasperating the problem (Battin et al. 2007; Isaak et al. 2011).
Physiologically, warmer water requireold-water species to consume more food to grow and
successfully transitiohetweenlife stagegBeauchamp 2009 pawning salmon, which do not eat, are
even more susceptible to warm river temperatures than are juvenile salmdnidseas where
temperature is too warmstream corridorsmay be impassablend habitat area may become spatially
restricted,reducing habitat connectiorsnd quantitywithin a drainage areaCooler areas are not only
preferredby salmonids, but amid warm expanstgy may beimportant thermal refuge¢Berman and
Quinn 1991Torgersen et al. 1999)

The objectivenf this studywasto identify relative temperature differencemm Stillaguamistwatershed
riversby mapping stream temperature anomaliesingpreviously acquired IRimagery ldentifying and
guantifying these anomadis provides detter understandhg of the thermal dynamics of the rivemd
informswherereach scale restoration andft habitatunit scalehabitat restorationmay bebeneficial
for temperature.Likewisecharacterizing temperature anomalies can help fatate protection
strategies or actions thatonserve key water flow processiat support coldwater refuges Results
from this report will be usedlong with supplemental field measurementsdevelop a synthesis of
temperature data collected durinis project period (201€012). Combined datasets will be used to
develop recommendations for temperature improvement among rivers and subbasins in the
Stillaguamish watershetthat will be presented ira separate final project report.
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Methods

Thermal Infrared and Color Videography

An aerialTIR survey of the Stillagmish River watershestasconductedin 2001by Watershed Sciences
Inc.(Corvallis, Oreggrior the Washington State Department of EcoldBgology (Watershed Sciences
2002) TIRradianceand assoiated color images were acquired usiaaJ IR sensor anddeo camera

mounted ona helicopter (i.e., a forwardlookinginfrared [FLIRplatform). Streams were surveyed over

two days in early September 2001 during rafternoon to capture conditionduring the warmest part

of the day One segment,ite mainstemStillaguamish Rivewas surveyean both daysto facilitateany

future compaisons among different streams sampled on different day® project imagery (color and
infrared) and median temperature values calculated as part of the thermal imaging project are available
from Ecology at:

http://w ww.ecy.wa.gov/apps/watersheds/temperature/tir/stillaguamish/index.html

Multiple streamsacross the Countyere surveyedn 2001, but only four rivers with the most
unambiguougiata and the greatest level of management focuke mainstemStillaguamish River,

North ForkStillaguamish Rive§outh ForlStillaguamish Riveandthe lower 7.2 miles oRilchuck

Creek have beerevaluatd in this reporiFigure ). Locations in upper Pilchuck Creek, Deer Creek,
upper North Fork Stillaguamisand Canyon Creek were excluded due to the uncertainty of interpreting
FLIR imagery in locations with narrower channels, greater canopy gpeater shading, and less field
based knowledge of summer flow contribution from tributaries.

Table1l summarizes thelate, time, and extent of survey Information about flight altitude, image
resolution, and imagery pogirocessing can be found in theport by Watershed Science2@02),
availableat the linkabove.

Tablel. FLIRmageryAcquisition, 2001

River Date Time (PM) Survey Extent Distance (miles)
NF Stillaguamish 9/7/01 2:50¢ 3:58 Mouth to CreviceCreek 34
MainstemStillaguamish 9/7/01 4:52¢5:23 Mouth to Forks 17.6
PilchuckCreek 9/8/01 1:49¢ 2:33 Mouth to Headwaters 7.2
MainstemStillaguamish 9/8/01 3:03¢ 3:24 Mouth to Forks 17.6

SF Stillaguamish 9/8/01 3:24¢ 4:30 Mouth to CoalCreek 445

Source: Watershed Sciend@902).

TIR image processing inded an algorithnthat compuied the median stream temperature across the
width of the channebpproximatelyevery400 feet(Watershed Sciences 200dhe TIRderived
temperature measurementwere validatedat the time usingdDnset Stowaway continuously recording
stream temperature loggemistributed throughout the study aredhe temperature loggers have 02
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accuracyandthey reportedan average of 0°€ difference betweethe loggerrecordedtemperatures
and the TIRlerivedtemperatures(Watershed Sciences @B).

Map Creation

Temperatureanomaliesvere located and mappeith a geographic information systent(S based o
visual interpretation of thel'lRimages and by referencing fixéehaturesand channel or topographic
indicators. These includefinohomish Cauty ortho-rectified imagery 1998, 2001and 2003, high
resolutionlight detection and rangindiDAR-based digitalelevation moded (DEMs)mapped stream
hydrography, andbuilt infrastructure (e.g.roads. Temperature informatiorby mapped locationvas
populated by reviewing theaial TIR imagerframe by frame &s inFigure2) and reviewing the median
temperature values from the beginning to the end of each aerial survey.

Locations whee water temperature waslifferent by £0.5°Ccompared withthe adjacent upstream
mediansurfacewater were classified as anomalies addjitized in theshapefileand attributed with
field information (Table 2Because the aerial imagery and temperature data were obtathethg a
flight of less thar68 minutesat the time ofpeak dailytemperature, it wa assumd the relative
temperaturedifferences betweemnomalies and median river temperaturagre suitable for direct
comparisonAttributed field data forindividual anomalies anthetadata are included in Appendixafd
Appendix B, respectively

Table2. TemperatureAnomaly UserAttributed Fields

Field DataType Description

Name Text Description of anomaly

River Text River name (from hydgraphylayer)
Image Text FLIRmage ID number frorkcologywebsite

Median Numeric  Visually stimated median temperature of thermal anomaly

Temp_Diff Numeric  Temperature differencet) betweenestimatedanomalymedian value and
nearest adjacent upstream median temperature value

Size Integer Spatial sizef the anomaly relative to downstream channel gjgee below)
Source Text Estimated source of thermal anomaly
Comment Text Detailed description of anomaly
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Identifying and Characterizing Temperature Anomalies

The identification and characterization of temperature anomalies consisted of a) calculation of median
anomaly temperature, b) calculation of the temperature difference between the anomaly and the
adjacent stream, c) determination of anomaly size, anmhi#renceof the source of the anomaly. These
steps are discussed below.

Median Temperature of Anomalies

The median temperature of each anomabgs visually estimatedsingthe temperature color ramp
provided withEcologymages (Figure 2 some instances, such as at tributary junctions, Watershed
Sciences (2002) identified the temperature of the anomaly, and that valuemwasreferencel with

the visual imageHowever, nany anomalies were natentified by Watershed Sciences (2002),
particularly those not coincident with tributary junctions. For thede temperature of the anomaly
wasestimated by visuallgveraginghe range of temperaturewithin the anomalyboundary.
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Figurel. Stillaguamish River sample areas for FLIR imagery acquisition and those rivers included in this report.

XASWMwidéCCWGrank010 Stilly TempAdmin Report§ FINAL 7



Figure2. Examples ofemperature anomales: warm anomalytop panel, righ) in the North Fork
Stillaguamish River illustrating strong heating at shallow downstream margim gfide; cold
temperature anomaly (bottom panel, right) in th&lorth ForkStillaguamish River showing inflow from
cold (9C) spring source.

Temperature Difference between Anomalies and the Main Channel

Toquantifythe temperature difference betweeanomaliesand thesurroundingsurfacewater, the
closest (spatially) upstreamain channel temperaturgvas subtractedrom the observedmedian
temperature of the anomaly. The temperatuvsed for the main channel waise median channel

temperaturecalculated for every 400 feet of mainstem chanfoditained from9 O2 f 2 38 Q4 & LINBI Ra&

imported to ArcGIB Thermal anomaliethat were estimaéd to be at leasR°Ccooler than the adjacent
mainstem were cosideredcold-water refugesbased on Torgersen et §2012), although their actual
use by fish wanot field-validated.
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